The sequence of the VP7 gene of human rotavirus strain HCR3 was determined and its predicted amino acid sequence was compared with that of other rotavirus strains. The VP7 gene is 1062 nucleotides long and contains a single open reading frame of 981 nucleotides capable of encoding a protein of 326 amino acids. The VP7 amino acid sequence similarity of strain HCR3 to those of various human and animal G3 serotypes ranged from 88.7 to 99-4 %, and from 60,4 to 88.3 % to strains representing each of the other 13 G serotypes. Alignment of four variable regions [VR4, VRS(A), VR7(B) and VR8(C)] of HCR3 with those of G3 strains of different host species showed that HCR3 possesses a sequence almost identical to that of canine rotaviruses and feline rotavirus strain CAT97 in all four regions. A considerable divergence in regions VR4, VR7(B) and VR8(C) was found with strains of human, mouse, monkey, horse and rabbit rotaviruses. This observation together with results of our previous study on VP4 indicated that human rotavirus HCR3 is genetically more closely related to animal rotaviruses than to other human rotaviruses.
The sequence of the VP7 gene of human rotavirus strain HCR3 was determined and its predicted amino acid sequence was compared with that of other rotavirus strains. The VP7 gene is 1062 nucleotides long and contains a single open reading frame of 981 nucleotides capable of encoding a protein of 326 amino acids. The VP7 amino acid sequence similarity of strain HCR3 to those of various human and animal G3 serotypes ranged from 88.7 to 99-4 %, and from 60,4 to 88.3 % to strains representing each of the other 13 G serotypes. Alignment of four variable regions [VR4, VRS(A), VR7(B) and VR8(C)] of HCR3 with those of G3 strains of different host species showed that HCR3 possesses a sequence almost identical to that of canine rotaviruses and feline rotavirus strain CAT97 in all four regions. A considerable divergence in regions VR4, VR7(B) and VR8(C) was found with strains of human, mouse, monkey, horse and rabbit rotaviruses. This observation together with results of our previous study on VP4 indicated that human rotavirus HCR3 is genetically more closely related to animal rotaviruses than to other human rotaviruses.
Rotaviruses are the major cause of acute viral gastroenteritis in human infants and in the young of a wide variety of mammalian and avian species (Kapikian & Chanock, 1990) . Two outer capsid proteins, VP7 and VP4, are associated with the induction of neutralizing antibodies (Hoshino et al., 1985; Offit & Blavat, 1986) . Rotavirus serotypes were initially established by neutralization assay based on the antigenic specificities of VP7 (Hoshino et al., 1984; Green et al., 1987) . At least 14 VP7 (G) serotypes were established among human and animal rotaviruses (Estes & Cohen, 1989; Taniguchi et al., 1990 ; Browning et al., 1991 a, b) . G3 serotype rotaviruses were found in many different host species, including humans, monkeys, dogs, cats, horses, rabbits and mice (Hoshino et al., 1984) .
Human rotavirus HCR3 was isolated from a stool specimen from an asymptomatic infant in Philadelphia . HCR3 grew well in MA104 cells without the need for adaptation by serial passages, and the virus used in this study was in its fifth passage. Unlike most human rotaviruses, strain HCR3 showed haemagglutination activity . HCR3 was identified as a G3 serotype by neutralization assays with hyperThe nucleotide sequence reported has been deposited in the GenBank database under accession number L21666. immune antisera performed as described by Offit et al. (1983) . Furthermore, HCR3 was recognized by G3-specific monoclonal antibody (MAb) 159 (Greenberg et al., 1983) in an enzyme immunoassay (EIA). Like G3 feline and canine rotaviruses (Nishikawa et al., 1989) , however, HCR3 did not react with another G3 MAb, YO-1E2 (Taniguchi et al., 1987) , in an EIA. Restriction endonuclease analysis of amplified cDNA copies of the VP7 gene of strain HCR3 presented digestion patterns more like those of canine and feline rotaviruses than those of human strains .
We report here the nucleotide sequence of the VP7 gene of human rotavirus strain HCR3, its deduced amino acid sequence, and comparative analysis with the VP7 genes of selected human and animal rotaviruses of the G3 serotype.
Human rotavirus HCR3 was grown in MA104 cells in the presence of trypsin (1.0 lag/ml) and purified by fluorocarbon treatment and CsC1 gradient centrifugation (Flores et al., 1982) . Viral single-stranded RNA was obtained by in vitro transcription as previously described (Flores et al., 1982) . The VP7 gene sequence was determined by the dideoxynucleotide chain termination method with reverse transcriptase. Alternatively, cDNA copies were amplified by PCR (Gouvea et al., 1990) (Fig. 1) . The ORF starts at nucleotide 49 and ends at nucleotide 1029 with a UAG termination codon. Two additional in-frame AUGs, found at nucleotides 133 and 136, were similar to that found in bovine rotavirus strain B223 (Xu et al., 1991) . In common with the gene encoding VP7 in most other rotaviruses, a potential Nlinked glycosylation site is located at amino acid 69. There are eight conserved cysteines in the VP7 of the strain HCR3 at exactly the same positions as those found in many strains of different serotypes (Green et al., 1989) . In addition, nine conserved proline residues were located (1989). in the same positions as those in the VP7 protein of different serotypes. An extra proline was found at amino acid position 45, which is conserved in the VP7 protein of all G3 serotype strains (Nishikawa et al., 1989) . The overall amino acid sequence identity between the VP7 gene of strain HCR3 and that of each of the other 13 G serotypes ranged from 60-4 to 88-3 % (Table 2) , and from 88"7 to 99"4 % with the other G3 serotype strains (Table  3) .
The sequence analysis is consistent with the neutralization assays (Table 1 ) and supports classification of strain HCR3 as a G3 serotype rotavirus. Rotavirus G serotypes are determined by neutralization assays conducted with hyperimmune antiserum (Kapikian et al., 1990) . Sequence analysis demonstrated that 91% or more similarity was found among the members of the same serotypes, and G3 serotype shared the highest identity with the five other serotypes compared (Green et al., 1987) . A greater degree of VP7 sequence similarity was observed among G3 strains from the same host species than among strains from different host species. Furthermore, G3 serotype strains infect the broadest range of hosts (Hoshino et al., 1984) , including some rotaviruses such as mouse strain EB, which is only 85"0 to 85"9 % identical in its VP7 amino acid sequence with G3 human strains (Nishikawa et al., 1989) . Therefore, it is not unexpected to find that HCR3 has such low levels of VP7 amino acid homology between a G3 serotype strain (EB) and strains of other serotypes (Gll and G12). However, it is surprising that although HCR3 strain was isolated from a human infant, the VP7 amino acid sequence homology with G3 serotype human strains is much lower than that with strains from animal species, especially feline and canine species. For example, the VP7 amino acid sequence identity with human rotavirus strain P, considered to be the G3 prototype strain, was 91.7 %. whereas with feline rotavirus strain CAT97 and canine rotavirus strain CU-1, it was 99-4 and 99-1%, respectively. In contrast, the amino acid sequence similarity between other G3 human strains and feline and canine rotaviruses was much lower, ranging from 90'5 to 92.3 % (Nishikawa et al., 1989) . Comparative analysis of the VP7 gene from different rotavirus serotypes has identified six, seven or nine variable regions that are divergent among the different serotypes but conserved within the same serotype (Glass et al., 1985; Green et al., 1987 Green et al., , 1989 . By analysing escape mutants selected with neutralizing MAbs, DyallSmith et al. (1986) identified three of these regions (A, B and C) as major VP7 serotype-specific antigenic determinants in VP7 (amino acids 87 to 96, 142 to 152 and 201 to 224, respectively). Comparison of the VP7 protein of many human and animal strains of G3 serotype demonstrated that amino acid sequence divergence among serotype G3 strains from different host species occurred primarily in the VP7 serotype-specific regions and that these regions were highly conserved among serotype G3 strains derived from the same host species (Nishikawa et al., 1989) . In addition, a human speciesspecific sequence was located in a variable region (VR4, amino acids 65 to 76) (Nishikawa et al., 1989) .
We aligned the amino acid sequence of the strain HCR3 at the above-mentioned four regions with those of serotype G3 rotaviruses from various species (Fig. 2) all four regions, HCR3 demonstrated identical amino acid sequences to canine rotaviruses CU-1, A79-10 and LSU79C, and a single amino acid substitution (a leucine for a phenylalanine at amino acid 76, region VR4) with feline rotavirus strain CAT97. However, it showed variable divergence from other human strains and strains of other species. Specifically, in the VR5 (A) region, HCR3 was identical to all the compared strains, except mouse rotavirus EB and human rotavirus McN, each of which had one amino acid substitution. This result suggests that a conserved VR5 (A) region is important for G3 serotype strains to maintain their serotype specificity, since both VR5 (A) and VR8 (C) regions are critical to viral VP7 serotype specificity (Dyall-Smith et al., 1986; Mackow et al., 1988) . In the VR7 (B) region, human rotavirus strains P, YO, MO and McN and rotaviruses from monkey, horse and rabbit possess a threonine at amino acid 147, which is the critical amino acid responsible for both serotype specificity (Dyall-Smith et al., 1986) and monotype specificity (Coulson & Kirkwood, 1991) . However, human rotavirus HCR3 (and AU-I) as well as feline rotavirus strain CAT97 and canine rotaviruses has an alanine at the corresponding position. It has been reported that VR7 (B) contained a unique sequence (LMKYDAALQL) species-specific for canine strains and feline strain CAT97 (Nishikawa et al., 1989) . Interestingly, HCR3 showed 100% amino acid identity to canine strains and feline strain CAT97 in this species-specific region but some degree of divergence from strains of human, mouse, monkey, horse and rabbit rotaviruses. In the VR8 (C) region, considered critical to VP7 serotype specificity, there were three amino acid changes (positions 212, 213 and 221) between HCR3 and other human strains. Previous studies demonstrated that a single amino acid substitution at either position 212 or 213 would allow the virus to escape neutralization by MAb (Mackow et al., 1988; Coulson & Kirkwood, 1991) . In addition, HCR3 had an amino acid substitution of threonine for alanine at position 221. A previous study showed that all viruses containing this exchange failed to react with MAb YO-1E2 in EIAs (Nishikawa et al., 1989) . Therefore, the failure of HCR3 to react with MAb YO-1E2 might be due to the amino acid substitution at position 221. Finally, human rotavirus G3 strains were previously described as possessing a unique speciesspecific sequence, TPYTNSTREEVF, in the VR4 region (Nishikawa et al., 1989) . In this region, HCR3 demonstrated a highly diversified sequence with at least four amino acid differences from other human strains but high amino acid similarity with animal rotaviruses, especially canine rotaviruses and feline rotavirus strain CAT97.
In the last few years, characterization of genetic relationships among human and animal rotaviruses has been a focus of rotavirus research. Previous studies demonstrated that the genetic homology, as determined by RNA-RNA hybridization in solution, was greater among strains derived from the same species, and no homology (or very little) was observed between rotaviruses recovered from different species (Flores et al., 1986) . The term 'genogroup' has been used to describe rotavirus strains that can be put into groups on the basis of their gene homology (Nakagomi & Nakagomi, 1989) . The sharing of a genogroup by two rotavirus strains derived from different animal species has been interpreted as a consequence of interspecies transmission of rotaviruses from one animal to another or the sharing of a common ancestor by two viruses (Nakagomi et al., 1990) . In the present study, the amino acid sequence of the VP7 of HCR3 strain was very similar (over 99.1%) to the feline strain CAT97 and canine strains CU-1 and LSU79C, whereas similarity with human strains P and McN was 91.7 and 90"8%, respectively. In addition, alignment of four variable regions with those of various human and animal G3 strains showed that strain HCR3 possesses a sequence almost identical to canine rotaviruses and feline rotavirus strain CAT97 and considerable divergence from other human strains (Fig. 2) . Birch et al. (1985) speculated that cats could act as a source of rotavirus infection in humans. Nakagomi & Nakagomi (1991) found that human rotavirus AU-1 is genetically related to feline rotavirus strain FRV-1, and that human rotavirus Ro1845 and the feline rotavirus strain CAT97 are genetically related to the canine rotavirus RS 15. Our finding of the unique VP7 gene of HCR3 was probably not just a coincidence, since the sequence of the VP4 gene of HCR3 is more like that of animal rotaviruses than that of human rotaviruses . Therefore, our results together with those of others support the hypothesis of Birch et al. (1985) .
Because human rotavirus strain HCR3 was isolated from an asymptomatic infant and belongs to serotype G3, which has the widest range of hosts, its potential as a candidate vaccine for both humans and animals should be taken into account. Further genetic and molecular characterization of this novel virus should increase our understanding of its position in the evolution of rotaviruses.
